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1
$(z,r)$ . $j=1,2$ j’ $r$
, ( $u_{j}$ ,vj), $\cdot$










$\nabla$ . $u_{j}=0$ , (1)
$\frac{\partial u_{j}}{\partial t}+(u_{j}\cdot\nabla)u_{j}=-\frac{1}{\rho_{j}}\nabla p_{j}$ , (2)




$\frac{\partial h_{1}}{\partial t}=v_{j}-u_{j}\frac{\partial h_{1}}{\partial z}$ , (3a)
$p_{1}=p_{2}+\sigma_{1}\kappa_{1}$ , (3b)
$r=h_{2}$ :
$\frac{\partial h_{2}}{\partial t}=v_{2}-u_{2}\frac{\partial h_{2}}{\partial z}$ , (3c)
$p_{2}=p_{3}+\sigma_{2}\kappa_{2}$ , (3d)
, $\kappa_{j}$ :
$\kappa_{j}=h_{j}^{arrow 1}[1+(\partial h_{j}/\partial z)^{2}]^{-1/2}-(\partial^{2}h_{j}/\partial z^{2})[1+(\partial h_{j}/\partial z)^{2}]^{-3/2}$ .
.
, $u_{1},$ $p_{1}$ 2 $r^{2}$ , $u_{2},$ $v_{2}$ ,
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$p_{2}$ $(r-R)$ ( ) :
$u_{1}=u_{1}^{(0)}+r^{2}u_{1}^{(2)}+\cdots$ , $p_{1}=p_{1}^{(0)}+r^{2}p_{1}^{(2)}+\cdots$ .
$u_{2}=u_{2}^{(0)}+u_{2}^{(1)}(r-R)+u_{2}^{(2)}(r-R)^{2}+\cdots$ ,
$v_{2}=v_{2}^{(0)}+v_{2}^{(1)}(r-R)+\prime U_{2}^{(2)}(r-R)^{2}+\cdots$ , (4)
$p_{2}=p_{2}^{(0)}+p_{2}^{(1)}(r-R)+p_{2}^{(2)}(r-R)^{2}+\cdots$ ,
, $z$ $t$ .
, 2
. , $v_{1}$ $u_{1}$ , $R,$ $b$ $u_{1},$ $u_{2}$ ,
$v_{2},$ $h_{1}$ (
):
$\frac{\partial b}{\partial t}=-\frac{\partial(bu_{2})}{\partial z}-\frac{bv_{2}}{R}$ , (5a)
$\frac{\partial R}{\partial t}=v_{2}-u_{2}\frac{\partial R}{\partial z}$ , (5b)
$\frac{\partial u_{1}}{\partial t}=-u_{1}\frac{\partial u_{1}}{\partial z}-\frac{1}{\rho}\frac{\partial p_{1}}{\partial z}$, (5c)
$\frac{\partial u_{2}}{\partial t}=-u_{2}\frac{\partial’u_{2}}{\partial z}-(\frac{\partial P}{\partial z}-\frac{\Delta P}{b}\frac{\partial R}{\partial z})$ , (5d)
$\frac{\partial v_{2}}{\partial t}=-u_{2}\frac{\partial v_{2}}{\partial z}-\frac{\Delta P}{b}$, (5e)
, $p_{1}$ :
$A_{1} \frac{\partial^{2}p_{1}}{\partial z^{2}}+A_{2}\frac{\partial p_{1}}{\partial z}+A_{3}p_{1}+A_{4}=0$ . (5f)
, $A_{1}\sim A_{4}$ $b,$ $R,$ $u_{1},$ $u_{2},$ $v_{2}$ ,
$P= \frac{1}{2}(p_{1}+p_{3})-\frac{1}{2Wb}(\sigma\kappa_{1}-\kappa_{2})$ , $\Delta P=-(p_{1}-p_{3})+\frac{1}{Wb}(\sigma\kappa_{1}+\kappa_{2})$ ,
$p_{1}$ $p_{3}$ .
, $H$ , $U$, $H/U$, $\rho_{2}U^{2}$ , ,
Wb $=\rho_{2}HU^{2}/\sigma_{2},$ $\rho=\rho_{1}/\rho_{2},$ $\sigma=\sigma_{1}/\sigma_{2}$ .
.
, , , $h_{1}=\overline{h}_{1},$ $h_{2}=\overline{h}_{2}$ ,
$u_{1}=\overline{u}_{1},$ $u_{2}=\overline{u}_{2},\overline{v}_{1}=\overline{v}_{2}=0,$ $p_{1}=\overline{p}_{1}$ . , $v_{2}$ $\Delta P=0$
, $\overline{p}_{1}$ :
$\overline{p}_{1}=p_{3}+\frac{1}{Wb}(\frac{\sigma}{\overline{R}-\overline{b}/2}+\frac{1}{\vec{R}+\overline{b}/2})$ , (6)




$\omega=0.9(\phi=0,t_{b}=16.41, z_{b}=16.0)$ $\omega=1.06(\phi=\pi,t_{b}=17.00, z_{b}=13.4)$
$(b)\vec{u}_{1}/\overline{u}_{2}=4.2$ :





/u-2 . $(\overline{u}_{1}/\overline{u}_{2}=1.4)$ ,
, $(\overline{u}_{1}/\overline{u}_{2}=12.6)$
, . , $(\overline{u}_{1}/\overline{u}_{2}=4.2)$ ,
.
, $:\rho=0.001$ ,
$\sigma=1,\overline{h}_{2}=1,\overline{h}_{1}=0.625$ , Wb $=32.5$ . , $z=0,t\geq 0$ $u_{1}$
$u_{1}=\overline{u}_{1}+\eta\sin(\omega t+\phi)$ , $\overline{u}_{2}=1,\overline{v}_{1}=\overline{v}_{2}=0$
. , $u_{1}$ ‘ ’ $\phi=0$ $\pi$ . ,
$\overline{u}_{1}/\overline{u}_{2}$ , $\eta$ $\phi$ , $0$ ( )
( ) $\omega$ , $t_{b}$ ( $z_{b}$ )
. ‘ ’ $\omega$ , $\omega$
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.
2 , $\eta=0.005,$ $\phi=0,$ $\pi$ $\omega$











. , $\omega$ (
$z_{b}$ ) . , $\omega$
[3] [5] .
3 Wb $=26.9$ 2
. $\eta=$ 0.0005( ) 0.05( )
, $z_{b}$ $\omega$ . $\eta$
$\omega$ , $\eta$ $\omega$ .
$O$ $\eta=0.05$ , $\square$
$\eta=0.0005$ . $\eta$
, $\omega$ . ,
$\eta$
.








. , $R_{2}$ , $R_{1}$
:
$[h]=R_{2}h_{2}=[ \frac{3\lambda}{4\vec{h}_{2}}(\frac{\overline{h}_{1}^{2}}{\overline{h}_{2}^{2}}(\frac{\overline{u}_{1}}{\overline{u}_{2}}-1)+1)]^{(1/3)}$, $\frac{R_{1}}{\overline{h}_{2}}=[(\frac{3\lambda}{4\overline{h}_{2}})(\frac{\overline{h}_{1}^{2}\overline{u}_{1}}{\overline{h}_{2}^{2}\vec{u}_{2}})]^{(1/3)}$ . (7)
4 (7) $R_{1},$ $R_{2}$ $\lambda/2$ .
$\eta$ ( ) $\lambda$ ( ),
( ). , $\eta$
245
3: .
. $R_{1},$ $R_{2}$ $\bullet$ , $O$
$R_{2}$ $\square$ , .
, $\lambda$ ,






tb( $z_{b}$ ) $\omega$ .
(ii) $\omega$ .








4: $\lambda$ $R_{1}$ $R_{2}$ .
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